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Description 

[0001 ] The present invention relates to a gas-insulated 
switching device for high- or medium-voltage applica- 
tions, i.e. for voltages above 1 000 Volt, comprising a noz- 
zle. 

[0002] As it is widely known in the art, gas insulated 
switching devices for high- and medium-voltage applica- 
tions normally comprise a fixed arc contact and a mobile 
arc contact; it is also known that several types of gas 
switching devices for high- and medium-voltage applica- 
tions may additionally have a so-called fixed main or per- 
manent contact and a corresponding mobile main or per- 
manent contact through which the current mainly passes 
when the gas switching device is in a closed position. 
[0003] In both solutions, during opening/closing oper- 
ations, usually electric arcs strike between the arcing 
contacts; a nozzle assembly is generally positioned 
around the arc contacts in orderto delimit the arcing zone 
and to restrain the potentially negative effects of such 
electric arcs. By means of the nozzle assembly, a suffi- 
cient flow of gas is obtained in the arcing zone so as to 
cool the arcing contacts sufficiently and remove heat; 
thus, circuit breaking is enabled to be performed overthe 
entire required interruption window and for currents going 
up to the short-circuit breaking capacity. 
[0004] Examples of existing nozzles are disclosed in 
patent documents US 6,483,064, US 5,216,214 and EP 
0524088. 

[0005] At present, known nozzle assemblies have 
some drawbacks, as regard in particularto theirconstruc- 
tive structure, manufacturing, and mounting in switching 
devices as well. 

[0006] Indeed, known nozzle assemblies are generally 
realized by means of several different pieces, mainly a 
converging-diverging body, made of insulating material, 
a so-called puffer cap, and other additional components 
for realizing the mechanical connections. In particular, 
the insulating body is generally realized by using a cyl- 
inder of raw material which is machined, e.g. with a lathe, 
so as to obtain the desired shape; alternatively, the raw 
material is first preformed, thus achieving a rough shape, 
and then machined with suitable tools. In both cases a 
lot of raw materials is wasted and machining is usually 
difficult and time consuming. 

[0007] Hence, costs and manufacturing time are not 
optimized, whilst assembly inside the switching device, 
due to the use of different pieces, is rather cumbersome 
and mechanically complicated. 

[0008] In particular, when the main contacts are 
present, the nozzle assembly is mounted by means of 
mechanical connection means on the mobile equipment 
of the main mobile contact, as described, for example in 
patent US 5,939,692; in addition to being more compli- 
cated, this solution is clearly not suitable when the switch- 
ing device has only the arc contacts, thus forcing to adopt 
different constructive solutions and lacking in flexibility. 
[0009] One example of a compressed-gas circuit 



breaker according to the preamble of claim 1 is disclosed 
in US patent nr. 4,420,662 which describes a nozzle se- 
cured to the stationary contact member. 
[001 0] Finally, gas switching devices for high- and me- 

5 dium-voltage applications may further comprise an elec- 
trically conductive shield, positioned externally to and op- 
eratively associated with the nozzle assembly, in order 
to optimize the electric field distribution in the arcing zone 
and in its surroundings. Therefore, also this function is 

10 usually performed by means of an additional dedicated 
component and results in a non-optimized space occu- 
pation inside the device. 

[0011] Alternatively, when the main contacts are 
present, the mobile main contact is machined so as it 

15 has a shape which performsthe shielding function; in this 
case, particular care must be taken when shaping the 
contacts and assembling them on the structure of the 
switching device in orderto avoid damages. This clearly 
results in a strong complication in the machinery of the 

20 mobile main contact and in assembling the switching de- 
vice, with a consequent increase in manufacturing time 
and cost. 

[001 2] The main aim of the present invention is to pro- 
vide a gas-switching device for high-or medium-voltage 
25 applications, which allows to overcome the above men- 
tioned drawbacks, and in particular which has an opti- 
mized structure and can be realized by a simplified man- 
ner with respect to known nozzles. 
[0013] Within the scope of this aim, an object of the 
30 present invention is to provide a gas-switching device for 
high- or medium -voltage applications, which is able to 
perform different operating functions with a reduced 
number of mechanical parts. 

[001 4] Another object of the present invention is to pro- 
35 vide a gas-switching device for high- or medium-voltage 
applications, which allows easing mounting of a nozzle 
inside the switching device. 

[0015] A further object of the present invention is to 
provide a gas-switching device for high- or medium-volt- 
40 age applications which is highly reliable, relatively easy 
to realize and at competitive costs. 
[0016] This aim, these objects and others which will 
become apparent hereinafter are achieved by a switching 
device for high and medium voltage applications, com- 
45 prising at least a mobile arc contact and a corresponding 
fixed arc contact, and a nozzle having a hollow shaped 
body which is positioned inside the device around the 
zone where electric arcs form between said arc contacts 
during switching operations, said hollow shaped body 
50 having afirst portion electrically conductive and a second 
portion made of electrically insulating material which sur- 
rounds at least partially said first portion, characterized 
in that said hollow shaped body is mechanically secured 
directly onto said mobile arc contact. 
55 [0017] Further characteristics and advantages will be- 
come apparent from the description of some preferred 
but not exclusive embodiments of a nozzle according to 
the invention, illustrated only by way of non-limitative ex- 
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ampleswith the accompanying drawing of Figure 1 which 
is a sectional plan view schematically illustrating the noz- 
zle according to the invention used inside the interruption 
unit of a circuit breaker. 

[0018] The gas switching device according to the in- 
vention is particularly suitable for use in medium or high 
voltage circuit applications and will be described by mak- 
ing reference to its use, without intending however to limit 
in any way its possible applications. 
[0019] Figure 1 schematically illustrates part of the in- 
terruption equipment of a circuit breaker in an open po- 
sition; as shown, said circuit breaker comprises a puffer 
chamber 1 0, a fixed arc contact 1 , realized for example 
by means of a conducting rod, a mobile arcing contact 
2, constituted for example by a hollow metallic tube, 
which is operatively connected to suitable actuation 
means (not illustrated) devised to displace the mobile arc 
contact during operations from a first position in which it 
is electrically coupled to the fixed arc 1, and a second 
position where it is separated therefrom. The interruption 
equipment is normally placed inside a casing (not illus- 
trated), made for example of porcelain or other suitable 
polymeric composite materials, which is filled with insu- 
lating gas, e.g. SF 6 . 

[0020] In normal operating conditions, the two arc con- 
tacts 1 and 2 are electrically coupled with the head of the 
fixed contact 1 housed inside the tubular body of the mo- 
bile arc contact 2; if opening of the breaker occurs (di- 
rection of the mobile equipment along the arrow 3), an 
electric arc normally strikes at the zone 20 where the two 
arcing contacts start to separate; a suitable nozzle is po- 
sitioned around the zone 20 where the arcs strike in order 
to quench and restrain their effects. 
[0021] Advantageously, the nozzle according to the in- 
vention comprises a hollow shaped body 1 00, preferably 
having a substantially cylindrical symmetry, and compris- 
ing a first portion 101 electrically conductive, and a sec- 
ond portion 1 02 which is made of substantially electrically 
insulating material that surrounds at least partially the 
first portion 101. 

[0022] According to a preferred embodiment, the noz- 
zle is constituted by a unique integral body with the first 
portion 101 incorporated in the second portion 102. 
[0023] Further, the first portion 1 01 is advantageously 
shaped so as to act as an electric shield; in particular, 
the first portion 101 has preferably a substantially annular 
shape, for example a shaped annular body or a shaped 
ring, placed at an inner circumference of the hollow body, 
and the second portion 102 surrounds the first portion 
101 without fully enclosing it, i.e. it is shaped so as the 
internal boundary surface 1 20 of the annular body is not 
in contact with the second portion but is left uncovered. 
This allows to have a smooth electrical field distribution 
between the open arcing contacts and its surroundings, 
and to optimize the shielding function according to a sim- 
ple and functionally optimized solution. 
[0024] The second portion 1 02 has a lowertip part 1 03 
which has a shaped profile so as to act as a puffer cap, 



i.e. during opening it acts as a piston and compresses 
the gas inside the chamber 1 0, thus allowing flow of the 
gas through the nozzle itself. 

[0025] Preferably, the second portion 102 is made of 
5 moldable insulating material, such as a thermoplastic 
resin able to withstand high temperature and pressure 
conditions; in this way, the second portion 102 of the 
nozzle body according to the invention can be advanta- 
geously manufactured by direct injection molding, that 
allows to properly shaping the second portion in a rela- 
tively easy and cost-effective way. 
[0026] Proper moldable insulating materials for the 
second portion 1 02 are for example fluorine based com- 
pounds, preferably a fluorinated co-polymer ethylene- 
propylene, commercially known as FEP, or perfluoro- 
alkoxy polymers, commercially known as PFA, both pro- 
duced by DuPontorby Dyneon, or mixtures thereof. Par- 
ticularly suitable forbeing used in the second portion 102 
are materials of the family of PFA which comprise co- 
polymer of tetrafluoroethylene and a perfluoropropylvin- 
ilether, commercially known as Hyflon PFA, oraperfluor- 
omethylvinilether, commercially known as Hyflon MFA, 
both produced by Solvay. 

[0027] I n a preferred embodiment, the first portion 1 01 
is also realized by using a moldable conductive material, 
and comprises an insulating matrix and a filler. The in- 
sulating matrix is realized by means of a material selected 
from those above indicated for the second portion 102, 
e.g. FEP, PFA, or mixtures thereof; advantageously, both 
portions 1 01 and 1 02 are realized using the same mold- 
able insulating material. 

[0028] I n turn, thefiller is made of one ormore electrical 
conductive materials, for example graphite or carbon or 
superconductive carbon or mixtures thereof, preferably 
in form of powder or grai ns of proper dimensions, chosen 
in the range from nanometers to millimeters. In order to 
ensure a proper conductivity and stability of the material, 
the volume of the filler is chosen in the range between 
0,1% and 40%, of the total volume of the first portion, 
preferably between 0,5% and 35%, more preferably be- 
tween 1% and 30%. 

[0029] According to this embodiment, the nozzle is 
preferably manufactured by co-injection molding of the 
materials forming the two portions in a unique mold; this 
allows to manufacture the nozzle according to a process 
which is extremely simple and at lower cost with respect 
to known solutions. 

[0030] Alternatively, the first portion 1 01 can be made 
completely of a metallic annular piece; according to this 
solution, the nozzle is manufactured positioning in a mold 
the first portion 101 and then injecting the moldable in- 
sulating material of the second portion 102 directly ther- 
eon. 

[0031 ] As previously mentioned, the nozzle according 
to the invention is suitable for applications with different 
types of high-or medium voltage gas insulated switching 
devices, in particular circuit breakers; accordingly, the 
present invention also relates to a high-or medium volt- 
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age gas insulated switching device comprising a nozzle 
as previously described. 

[0032] As mentioned above, the nozzle is positioned 
around the arc contacts 1 and 2, i.e. when they are in 
electrical coupling, in order to delimit the zone 20 where 
the electric arcs form between them during opening and 
closing operations; according to a particularly preferred 
embodiment, shown in figure 1, the nozzle is mechani- 
cally secured directly onto the mobile arc contact 2 by 
means of connecting means 1 1 0. In this way, assembly 
steps are significantly simplified with respect to known 
solutions; further, this solution is independent from the 
presence of the so-called main or permanent contacts, 
thus resulting in a greater flexibility of applications and 
reduction of overall production costs. 
[0033] The nozzle is mechanically secured directly on- 
to the mobile arc contact 2 by means of conductive con- 
necting means 110, e.g. metallic screw means or nails 
or rivets, which are advantageously configured and po- 
sitioned so as to electrically connect the first portion 1 01 
with the arc contact 2; in this way the conductive part of 
the nozzle is at the same voltage of the mobile arc contact 
2, thus allowing the electric shielding action. 
[0034] In this way, the connecting means 11 0 perform 
at the same time both mechanical and electrical func- 
tions, with a consequent further simplification in realizing 
and assembling the switching device, according to an 
extremely compact constructive solution. 
[0035] In practice, it has been found that the nozzle 
according to the present invention fully achieves the in- 
tended aim and objects, giving several advantages with 
respect to prior art solutions. In fact, as previously de- 
scribed, the nozzle is realized by a unique body which, 
thanks to its innovative structure, is able to perform sev- 
eral functions which in the prior art are instead performed 
by several different elements; in particular, the nozzle 
according to the present invention is able to work at the 
same time, not only as part an arc quenching element, 
but also as an electric shield, and also as a puffer cap. 
Further, it can be realized by means of extremely simpli- 
fied manufacturing operations, thus obtaining significant 
savings in terms of material, time and production costs. 
[0036] Finally, its assembling inside a gas-switching 
device, and connections with the other components of it, 
are very simple, functionally effective and fast with an 
optimized internal space occupation. This results in an 
overally improved switching device. 
[0037] The nozzle and the related switching device 
thus conceived, are susceptible of modifications and var- 
iations, all of which are within the scope of the inventive 
concept; all the details may furthermore be replaced with 
technically equivalent elements. For example the elec- 
trically conductive portion could be completely incorpo- 
rated inside and fully covered by the second portion 1 02. 



Claims 

1. Gas switching device for high and medium voltage 
applications, comprising at least a mobile arc contact 

5 (2) and a corresponding fixed arc contact (1 ), and a 
nozzle having a hollow shaped body (100) which is 
positioned inside the device around the zone (20) 
where electric arcs form between said arc contacts 
(1, 2) during switching operations, said hollow 

10 shaped body (100) having a first portion (101) elec- 
trically conductive and a second portion (1 02) made 
of electrically insulating material which surrounds at 
least partially said first portion (1 01 ), characterized 
in that said hollow shaped body is mechanically se- 

15 cured directly onto said mobile arc contact (2). 

2. Gas switching device according to claim 1 , charac- 
terized in that said nozzle is mechanically secured 
directly to the mobile arc contact (2) by means of 

20 conductive connecting means (1 1 0) which are con- 
figured so as to electrically connect said mobile arc 
contact (2) to said first portion (101). 

3. Gas switching device according to claim 1 , charac- 
25 terized in that said second portion (1 02) has a lower 

tip part (1 03) which has a shaped profile so as to act 
as a puffer cap. 

4. Gas switching device according to claim 1 , charac- 
30 terized in that said hollow shaped body (1 00) is re- 
alized in a single body with said first portion (101) 
incorporated in said second portion (102). 

5. Gas switching device according to claim 1 , charac- 
35 terized in that said first portion (101) is shaped so 

as to act as an electric shield. 

6. Gas switching device according to one or more of 
the preceding claims, characterised in that said 

40 first portion (1 01) has a substantially annular shape 
and is positioned along an inner circumference path 
of the hollow shaped body (1 00). 

7. Gas switching device according to one or more of 
45 the preceding claims, characterised in that said 

first portion (1 01 ) and /or said second portion (1 02) 
comprise moldable materials. 

8. Gas switching device according to claim 7, charac- 
50 terized in that said first portion (101) is made of a 

matrix of substantially moldable insulating material 
and a conductive filler. 

9. Gas switching device according to claim 8, charac- 
55 terized in that the volume of said filler is in the range 

between 0,1% and 40%, preferably 0,5% and 35%, 
more preferably 1 % and 30%, of the total volume of 
said first portion. 



20 



4 



7 



EP 1 544 881 B1 



8 



10. Gas switching device according to one or more of 
the claims from 1 to 6, characterized in that the 
said first portion (1 01 ) is substantially made of a me- 
tallic piece. 



dervorherigen Anspruche, dadurch gekennzeich- 
net, dass der erste Abschnitt (101) und/oder der 
zweite Abschnitt (1 02) formbare Materialien aufwei- 
sen. 



Patentanspruche 

1. Gas-Schaltvorrichtung fur Mittel- oder Hochspan- 
nungsanwendungen, mit zumindest einem bewegli- 
chen Lichtbogenkontakt(2) und einem entsprechen- 
den feststehenden Lichtbogenkontakt (1), und einer 
Duse mit einem hohlen Formkorper (100), der im 
Inneren der Vorrichtung urn diejenigeZone (20) her- 
um positioniert ist, in der sich wahrend Schaltvor- 
gangen elektrische Lichtbogen zwischen den Licht- 
bogenkontakten (1 , 2) bilden, wobei der hohle Form- 
korper (100) einen ersten Abschnitt (101) aufweist, 
der elektrisch leitend ist, sowie einen zweiten Ab- 
schnitt (102), der aus elektrisch isolierendem Mate- 
rial gefertigt ist, das zumindest teilweise den ersten 
Abschnitt (101) umgibt, dadurch gekennzeichnet, 
dass der hohle Formkorper mechanisch unmittelbar 
an dem beweglichen Lichtbogenkontakt (2) befestigt 
ist. 



8. Gas-Schaltvorrichtung nach Anspruch 7, dadurch 
gekennzeichnet, dass der erste Abschnitt (101) 
aus einer Matrix aus im Wesentlichen formbarem 
Isoliermaterial und einem leitfahigen Fullstoff gefer- 

10 tigt ist. 

9. Gas-Schaltvorrichtung nach Anspruch 8, dadurch 
gekennzeichnet, dass das Volumen des Fullstof- 
fes in dem Bereich zwischen 0,1% und 40%, bevor- 

15 zugt zwischen 0,5% und 35%, insbesondere bevor- 
zugt zwischen 1% und 30%, des Gesamtvolumens 
des ersten Abschnitts liegt. 

10. Gas-Schaltvorrichtung nach einem oder mehreren 
20 der Anspruche 1 bis 6, dadurch gekennzeichnet, 

dass der erste Abschnitt (101) im Wesentlichen aus 
einem metallischen Teil gefertigt ist. 



25 Revendications 



2. Gas-Schaltvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, dass die Duse mechanisch un- 
mittelbar an dem beweglichen Lichtbogenkontakt (2) 
befestigt ist mit Hilfe von leitfahigen Verbindungs- 
einrichtungen (1 10), die so gestaltet sind, dass sie 
den beweglichen Lichtbogenkontakt (2) elektrisch 
mit dem ersten Abschnitt (101) verbinden. 

3. Gas-Schaltvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, dass der zweite Abschnitt (102) 
einen unteren Spitzenteil (103) aufweist, dessen 
Profil so geformt ist, dass er als eine Blaskappe wirkt. 

4. Gas-Schaltvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, dass der hohle Formkorper (1 00) 
als ein einziger Korper mit dem ersten Abschnitt 

(101) ausgefuhrt ist, der in den zweiten Abschnitt 

(102) eingebaut ist. 

5. Gas-Schaltvorrichtung nach Anspruch 1, dadurch 
gekennzeichnet, dass der erste Abschnitt (101) so 
geformt ist, dass er als eine elektrische Abschirmung 
wirkt. 

6. Gas-Schaltvorrichtung nach einem oder mehreren 
dervorherigen Anspruche, dadurch gekennzeich- 
net, dass der erste Abschnitt (1 01 ) im Wesentlichen 
eine Ringform besitzt und entlang einer Innenum- 
fangslinie des hohlen Formkorpers (1 00) positioniert 
ist. 



1 . Dispositif de commutation sous atmosphere gazeu- 
se pour des applications de haute et moyenne ten- 
sions, comprenant au moins un contact d'arc mobile 

30 (2) et un contact d'arc fixe (1) correspondant, et une 
buse ayant un corps (1 00) a forme creuse position- 
nee a I'interieur du dispositif autour de la zone (20) 
dans laquelle les arcs electriques se ferment entre 
lesdits contacts d'arc (1 , 2) durant des operations de 

35 commutation, ledit corps a forme creuse (1 00) ayant 
une premiere partie (1 01) conductrice de I'electricite 
et une deuxieme partie (1 02) realisee en un materiau 
isolant de I'electricite, qui entoure au moins partiel- 
lement ladite premiere partie (101), caracterise en 

40 ce que ledit corps a forme creuse est fixe mecani- 
quement directement sur ledit contact d'arc mobile 
(2). 

2. Dispositif de commutation sous atmosphere gazeu- 
45 se selon la revendication 1 , caracterise en ce que 

ladite buse est fixee mecaniquement, directement 
sur le contact d'arc mobile (2), a I'aide de moyens 
de connexion (110) conducteurs, configures pourre- 
lier electriquement ledit contact d'arc mobile (2) sur 
50 ladite premiere partie (101). 

3. Dispositif de commutation sous atmosphere gazeu- 
se selon la revendication 1, caracterise en ce que 
ladite deuxieme partie (1 02) presente une partie de 

55 bout inferieure (1 03) ayant une forme profilee, pour 
agir comme bouchon tampon. 



7. Gas-Schaltvorrichtung nach einem oder mehreren 



4. Dispositif de commutation sous atmosphere gazeu- 
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se selon la revendication 1 , caracterise en ce que 
ledit corps (101) a forme creuse est realise en un 
corps unique, ladite premiere partie (101) etant in- 
corporee dans ladite deuxieme partie (102). 

5 

5. Dispositif de commutation sous atmosphere gazeu- 
se selon la revendication 1 , caracterise en ce que 
ladite premiere partie (1 01) est conformee pour agir 
comme blindage electrique. 

10 

6. Dispositif de commutation sous atmosphere gazeu- 
se selon Tune ou plusieurs des revendications pre- 
cedentes, caracterise en ce que ladite premiere 
partie (1 01 ) presente une forme sensiblement annu- 
lare et est positionnee le long d'un chemin a circon- is 
ference interieure du corps a forme creuse (100). 

7. Dispositif de commutation sous atmosphere gazeu- 
se selon Tune ou plusieurs des revendications pre- 
cedentes, caracterise en ce que ladite premiere 20 
partie (101) et/ou ladite deuxieme partie (102) com- 
prennent des materiaux moulables. 

8. Dispositif de commutation sous atmosphere gazeu- 

se selon la revendication 7, caracterise en ce que 25 
ladite premiere partie (101) estformee d'une matrice 
de materiau isolant sensiblement moulable et d'une 
charge conductrice. 

9. Dispositif de commutation sous atmosphere gazeu- 30 
se selon la revendication 8, caracterise en ce que 

le volume de ladite charge est dans la fourchette 
comprise entre 0,1 % et 40%, de preference entre 
0,5 % et 35 %, de maniere mieux preferee entre 1 
% et 30 %, du volume total de ladite premiere partie. 35 

10. Dispositif de commutation sous atmosphere gazeu- 
se selon Tune ou plusieurs des revendications 1 a 
6, caracterise en ce que ladite premiere partie 
(101) est sensiblement formee d'une piece metalli- 40 
que. 
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